Transport-related problems, such as automobile dependence, traffic congestion, and greenhouse emissions, lead to a great burden on the environment. In developing countries like China, in order to improve the air quality, promoting sustainable travel modes to reduce the automobile usage is gradually recognized as an emerging national concern. Though there are many studies related to the physically active modes (e.g., walking and cycling), the research on the influence of attitudes to active modes on travel behavior is limited, especially in China. To fill up this gap, this paper focuses on examining the impact of attitudes to walking and cycling on commute mode choice. Using the survey data collected in China cities, an integrated discrete choice model and the structural equation model are proposed. By applying the hybrid choice model, not only the role of the latent attitude played in travel mode choice, but also the indirect effects of social factors on travel mode choice are obtained. The comparison indicates that the hybrid choice model outperforms the traditional model. This study is expected to provide a better understanding for urban planners on the influential factors of green travel modes.
Introduction
In recent years, the increasing automobile ownership and usage cause serious traffic problems and lead to a large amount of greenhouse gas emissions. The commuting trip, as one of the most important travel demands, often occurs at fixed times and contributes regular pressures to the traffic system. Unlike automobile modes, the nonmotorized travel modes (e.g., walking and cycling) are widely considered as sustainable patterns with low emissions [1] . Besides, using the travel modes of walking and cycling to work provides opportunities for people to get physical exercise. A reasonable amount of physical activities related to travel can help people keep healthy, which appears to be important for people in modern society. Bassett et al. [2] found that higher levels of active travel are usually correlated with a lower obesity rate. Briefly, the modes of walking and cycling may be the attractive alternatives for the short-distance commuting travels, especially in the compact China cities.
A literature review has identified a wide range of factors influencing an individual walking and cycling mode choice, such as sociodemographic factors, road infrastructure features, and environmental variables [3] [4] [5] [6] [7] [8] [9] [10] . There is a growing body of research that focuses on the influence of psychological factors on the individual travel mode choice decision [11] . For example, the attitudes to the nonmotorized travel mode are perhaps one of the most important factors influencing the decision to walk or cycle. In developing countries like China, in order to improve the air quality, promoting sustainable travel modes to reduce the automobile usage is gradually recognized as an emerging national concern. Though there are many studies related to the physically active modes (e.g., walking and cycling), the research on the influence of attitudes to active modes on travel behavior is limited, 2 Journal of Advanced Transportation especially in China. To fill up this gap, this paper focuses on examining the impact of attitudes to walking and cycling on commute mode choice and capturing the mediating role of attitudes played in travel mode choice decision.
The remainder of this paper is organized as follows. The following section presents a literature review related to our study. The third section describes the modeling approach used in this study. Data sources and description are provided in the fourth section. In the following section, empirical model results are analyzed. In the end, the conclusions and limitations of this study are provided.
Literature Review
With the environmental and healthy advantages in mind, the nonmotorized travel modes gain a growing attention. The influences of sociodemographic factors and built environment on the modes of walking and cycling have been widely investigated. An and Chen [8] found that the nonmotorized mode choice was strongly influenced by the factors of employment density, household income, and average sidewalk length. Using the logit model, Plaut [12] found that higher household income and housing price were correlated with lower propensity to walk or bicycle. As to the other sociodemographic factors (e.g., gender, age, and car ownership), similar empirical studies were conducted [6, 8, [12] [13] [14] [15] . With regard to the influence from built environment, it is widely confirmed that the factors of density, diversity, and mixed land use have significant influences on the travel modes of walking and cycling [8, 9, 16, 17] . Furthermore, there is an undeniable fact that travel mode choice behavior is affected, not only by the attributes of the modes themselves, but also by the unobserved factors. The cognitive psychology theory claims that preferences and behavior are correlated with perceptions and attitudes [18] . Generally, the attitudes determine the behavioral intentions, which are associated with the individual heterogeneity. The individual heterogeneity is a reflection of individual tastes, needs, values and goals, which is affected by experience, education, and so forth [19] [20] [21] [22] .
In recent years, many exiting studies have adopted travel choice model by involving psychological variables (e.g., attitude and perception). Using a discrete choice model with latent variables, Johansson et al. [21] examined the commuter travel mode choice behavior. It is found that the environmental preferences increase the possibility of selecting a train mode. Using the data collected from a stated preference survey, Maldonado-Hinarejos et al. [23] incorporated the latent variables of attitudes, perceptions, and security concerns on bicycle use into the travel choice model. These study results indicate the necessary role of latent variables played in the multinomial logit choice model, and probike attitudes have positively significant effect on the cycling mode choice. Similar findings relate to the study conducted by Dill and Voros [24] . Moreover, cyclists usually take cycling as a healthy and environmental travel mode [25] . Using the survey data collected in the San Francisco Bay Area, Choo and Mokhtarian [26] found that travel attitudinal factors and personality characteristics significantly influenced individual vehicle type selections. Nurul Habib [14] examined the effects of willingness to walk, walking trip propensity, and walking distance on walking trip and indicated that young people are less possible to walk and females are more possible to walk. In particular, using advanced stated preferences survey data, Kamargianni and Polydoropoulou [27] examined the influence of teenagers' attitudes towards walking and cycling on mode choice behavior. It is found that willingness to walk and to cycle has a positive effect on the choice of those alternatives and a negative effect on the choice of a car.
With respect to the modeling methods, incorporating the latent variable into the discrete choice model is widely used. Though there is a growing literature on the influence of latent variable on travel mode choice, limited efforts have been made to capture the mediating role of the attitudes to travel mode. Different to the traditional discrete choice modeling approach, structural equation model (SEM) can not only obtain the direct effect, but also gain the indirect effect and total effect [28, 29] . As shown in Figure 1 , , , and are exogenous variable, endogenous variable, and mediating variable, respectively. Assume that the direct effect of exogenous variable on the endogenous variable is , and the indirect effect of exogenous variable on the endogenous variable is × . Hence, the total effect of exogenous variable on the endogenous variable is the sum of direct effect and indirect effect (i.e., + × ). In the previous studies, though the latent factors are considered in the travel choice model, only the direct effects are taken into account without the indirect effect path. In this context, it would lead to inaccurate results, especially when the signs of the direct effect and indirect effect of the factor are opposite.
According to the literature, it is found that most existing studies only used the objective variables to investigate travel mode choice. A growing body of research is conducted to account for the objective variables (e.g., sociodemographic, modal attributes) and subjective variables (e.g., attitudes, perceptions) simultaneously. However, limited studies have been made on the influences of attitudes to walking and cycling on commute mode choice. Moreover, most studies are empirically examined in the western countries, while for the eastern countries like China, where the urban development level, traffic conditions, and living habits are quite different from western countries, more attention should be obtained. To fill up this gap, this paper focuses on examining the impact of attitudes to walking and cycling on commute mode choice. Using the survey data collected in China cities, an integrated discrete choice model and the structural equation model are proposed. By applying the hybrid choice model, not only the role of the latent attitude played in travel mode choice, but also the indirect effects of social factors on travel mode choice are obtained. The comparison indicates that the hybrid choice model outperforms the traditional model.
Modeling Approach
As a new kind of discrete choice models, hybrid choice model (HCM) combines the discrete choice model and the latent variable model in one framework. The most general framework has been proposed by Ben-Akiva et al. [30, 31] and it consists of two components. The measurement model component describes the relationship between the indicators and its corresponding latent variable, while the structural model component describes the complex relationships among the exogenous variable and endogenous variable. In this paper, we aim to examine the influences of objective variables and psychological variables on choosing the modes of walking or cycling to work. For this purpose, we construct the HCM framework with a latent variable "attitude towards walking or cycling." To measure the latent variable, three attitudinal indicators are used. The modeling framework is presented in Figure 2 . For the HCM framework, the structural model and the measurement model are described as follows.
Structural equations part: * = + , ∼ (0, 1) ,
where * is the latent variable, is the exogenous variable, and is the random error term. is the utility of the nonmotorized travel mode, and is the independently, identically distributed (i.i.d.) extreme value. , , and Γ are the estimated parameters.
Measurement equations part:
where is the indicator of the latent variable ( * ), is the random error term, and is a choice indicator, taking the value one if the nonmotorized travel mode is chosen, and 0 otherwise. In this study, the maximum likelihood techniques are used to estimate the model parameters. For the HCM method, the likelihood function for a given observation is the joint probability of observing the travel mode choice and the attitudinal indicators that can be obtained as follows:
In order to examine the role of latent attitude variable played in travel mode choice behavior, a comparison was conducted between the traditional model and the proposed model. Based on the hybrid choice model, the indirect effects and total effects of social factors on travel mode choice through the mediating latent variable are calculated. Therefore, the intermediary nature of the attitudes to walking and cycling on commute mode choice would be confirmed.
Data Sources and Description

Questionnaire Design.
The survey questionnaire is mainly composed of three parts, as shown in Table 1 . The first two parts are to collect the individual and household characteristics (e.g., age, gender, education, occupation, income, bus card ownership, driver license, household children, bicycle ownership, and car ownership). The third part aims to collect the respondents' attitudes towards walking and cycling. Considering the immeasurability of subjective factors, three indicators were designed to measure the respondents' attitudes towards walking and cycling in this study. The indicators are described as follows: nonmotorized travel mode can help to improve environmental pollution ( 1 ), walking or cycling to work can get physical exercise and keep fit ( 2 ), and nonmotorized travel mode can satisfy daily travel ( 3 ). Agreements or disagreements of all those descriptions were measured by five-point Likert Scale: disagree strongly, disagree a little, neither agree nor disagree, agree a little, and agree strongly which were coded as 1, 2, 3, 4, and 5, respectively. The survey was conducted in Zhenjiang city during the year 2015 in China. Zhenjiang city is located in the southwest of Jiangsu Province, the lower reaches of the Yangtze River. With regard to the political status, economic development, and city scale, Zhenjiang belongs to China's third-tier cities. The survey data used in this paper was obtained from the OpenITS website by Jiangsu University. At last, 2941 respondents completed the surveys, and 2660 valid samples were selected. It is worth mentioning that nearly half (41.7%) of the respondents live within five kilometers from workplace. Generally speaking, there is a possibility for the respondents to choose walking or cycling to commute. As is well known, for the long-distance travel, it is more likely to choose motorized travel modes to commute [6, 32] . For the small cities like Zhenjiang, it is meaningful and valuable to investigate the walking or cycling travel behavior. In this study, considering the general travel distance of walking and cycling, the respondents with more than five kilometers' commuting distance were removed. Finally, 1110 respondents were selected for further study.
Descriptive Statistics.
In the final sample, 59.7% of the respondents are males, and 40.3% are females. 74.3% of the respondents are below 35 years old, 22.0% are between 35 and 55 years old, and 3.7% are above 55 years old. With regard to the education level, 11.9% of the respondents are below junior college level, 39.8% have undergraduate degrees, and 48.3% have graduate degrees. In terms of the occupation, 8.0% of the respondents are government staffs. As to the income, 40.8% of the respondents are low income people, 55.1% are the middle-income group, and 4.1% are high-income group. As for the household children, 49.3% of the respondents' household have children and 50.7% of the respondents have no kids. According to the survey results, 51.5% of the respondents choose walking or cycling to commute. Figure 3 presents the respondents' responses to the attitude towards nonmotorized travel. Descriptive statistics of three indicators of the latent variable are shown in Table 2 .
Result Analysis
Model Fit.
The model parameters were estimated using the maximum likelihood method based on the -plus software with 1,000 bootstrap draws. The model fit information is listed in Table 3 , indicating that the hybrid choice model obtains a good fit [33] . With regard to the internal consistency of the indicators, as shown in Table 4 , Cronbach's alpha value is larger than the threshold value of 0.60, indicating that the selected indicators are reliable to measure the underlying latent variable [34] . Meanwhile, for each indicator variable, the factor loading coefficient is significant at the 99% level. In other words, all the observed indicator variables contribute to capture of the unobservable latent variable.
Modeling Results.
Using the survey data collected in China cities, a comparison between the traditional model and the hybrid choice model is conducted. The estimation results of both modesl are shown in Table 5 . Comparing the traditional model and the hybrid choice model, it is obviously seen that the integrated model indeed provides greater explanatory power with respect to the travel mode choice, indicating that incorporating the latent variable into the discrete choice model improved the overall fitness of Note. 1 = disagree strongly, 2 = disagree a little, 3 = neither agree nor disagree, 4 = agree a little, 5 = agree strongly. the model. Specifically, the likelihood ratio index improves from 0.313 to 0.364. Besides, the Akaike information criterion (AIC) and adjusted Bayesian information criterion (BIC) of the integrated model are lower [35] . And more importantly, the influence of the latent attitude variable is positively significant at the 90% level, indicating that the attitude to walking and cycling plays a critical role in the nonmotorized travel mode choice. From this point, this finding might be very helpful to encourage the green modes [36] . As to the individual characteristics, there is no difference between the male and female for the nonmotorized travel mode choice. However, it is significantly related to the factors of age, education, occupation, income, and household children. Specifically, younger and older travelers are more 6 Journal of Advanced Transportation Note. LRI is likelihood ratio index, LRI = 1 − (LL /LL 0 ), and LL 0 is the log-likelihood value when all the parameters are set equal to zero; AIC is Akaike information criterion; BIC is Bayesian information criterion; * indicates significant values at the 90% level; * * indicates significant values at the 95% level.
likely to choose the walking or cycling mode to commute than middle-aged travelers. With respect to the educational attainment, it is found that higher level and lower level of them were both associated with a larger likelihood of choosing the walking or cycling mode. In addition, as expected, the people with low income tend to use the active travel mode choices. Government-related people are less likely to use the active travel mode choices. In terms of the household characteristics, it is found that the people from the household with children show less intention to choose the walking or cycling mode to commute. This may be due to the fact that it would be more convenient for parents to pick up their children on the way from/to work. As expected, the people owning a bicycle are more likely to choose active travel mode to commute, while the factor of driver license has a significantly negative effect. Therefore, in this context, in order to promote the walking or cycling mode, it is a feasible strategy to provide vast bicycles and improve the bike-sharing service in China cities (e.g., Ofo, Mobike).
Indirect Effects and Total Effects.
With the advantage of hybrid choice model in mind, as displayed in Table 6 , the indirect effect and the total effect are also calculated. For the model results, though the indirect effects of all the observable variables are insignificant, they do have negligible influences on the total final effects of the variables on walking or cycling mode choice. The total effects are the outcome of the direct effects and the indirect effects. Due to the mediating effect of the latent variable, the effect of variables on the mode choice may be strengthened or weakened [37] . As the model results shown, the indirect effects of education and bicycle ownership are negative, while the direct effects and the total effects are both positive. It means that the positive effect of low level education and bicycle ownership are both weakened for the intermediary role of the attitude to walking or cycling. Therefore, the indirect effect of the factors on travel mode choice cannot be ignored. Similar examples relate to the factors of job type, children, bus card, and driver license.
Conclusions
Transport-related problems, such as automobile dependence, traffic congestion, and greenhouse emissions, lead to a great burden on the environment. In developing countries like China, in order to improve the air quality, promoting sustainable travel modes to reduce the automobile usage is gradually recognized as an emerging national concern. Though there are many studies related to the physically active modes (e.g., walking and cycling), the research on the influence of attitudes to active modes on travel behavior is limited, especially in China. Hence, this paper focuses on examining the impact of attitudes to walking and cycling on commute mode choice. Using the survey data collected in China cities, an integrated discrete choice model and the structural equation model are proposed. By applying the hybrid choice model, not only the role of the latent attitude played in travel mode choice, but also the indirect effects of social factors on travel mode choice are obtained. The comparison indicates that the hybrid choice model outperforms the traditional model. This study is expected to provide a better understanding for urban planners on the influential factors of green travel modes. For this study, it should be noted that the built environment has an important effect on travel mode choice [38] . However, due to the availability of land use data, the built environment measurements are not included in the model. For future studies, it is necessary to incorporate the built environment factors and attitudes into the travel behavior model.
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